Abstract: This paper presents results of the studies of ciliate assemblage in benthos of lowland river influenced by sewage discharged from the municipal wastewater treatment plant. During the presented research the 47 ciliate species, including 45 species from the benthos of the river and 18 from the activated sludge of aeration chamber were identified. Only two species registered in the activated sludge were not observed in the river. Against the background of the lowest number of species in the point located in the distance of 50 m below the discharge of sewage the maximum amount and biomass of these species were observed. Whereas, 200 m below the discharge the decrease in number and biomass of ciliate to the level noted for location before the discharge was observed. Thus, generalizing, one may state that influence of municipal WWTP sewage discharge for ciliate assemblage in the river's benthos was clearly visible but local.
Introduction
Most of water bodies are being influenced by various types of sewage discharged from point or dispersed sources. The amount of allochtone substances transported by sewages is increasing with the intensification of anthropogenic pressure. Although in the recent decades the wastewater treatment systems improved significantly, the older treatment technologies unable to provide the effective protection of water bodies from pollutant substances still continue to be widely used.
Usually, sewages contain the significant amounts of chemical compounds compromising the source of nutrient constituents for aquatic organisms, which results in eutrophication of water reservoirs [1] [2] [3] . The processes triggered by sewerage inflow often result in the reduction of oxygen concentration or in appearance of the deoxygenated zones 1 Schmalhausen Institute of Zoology NAS of Ukraine, B. Khmelnytskogo 15, 01601 Kiev, Ukraine 2 Sumy State University, Rimsky-Korsakov 2, 40007 Sumy, Ukraine 3 Faculty of Environmental Engineering, Lublin University of Technology, ul. Nadbystrzycka 40B, 20-618 Lublin, Poland 4 Faculty of Civil Engineering and Architecture, Lublin University of Technology, ul. Nadbystrzycka 40, 20-618 Lublin, Poland * Corresponding author: z.suchorab@pollub.pl [4, 5] . Herewith, the deterioration of aquatic environment results in changes of structure and functions of the aquatic communities [1, [6] [7] [8] . It was observed that discharge of even the properly treated sewerages may lead to the negative consequences for the water reservoirs related to the derogation of their self-purification abilities [1] . On the other hand, it is also necessary to take into account that wastewater can be discharged into the watercourse which has already been impoverished (degraded) and which biocenosis has been influenced by the other factors.
In order to perform the assessment of influence of the negative factors related to anthropogenic activity, including discharge of wastewater from the different types of wastewater treatment plants, the analyses of changes in communities of aquatic organisms may be applied. Different types of organisms, from bacteria [9] , algae [10, 11] and protozoa [12, 13] to macroinvertebrates and vertebrates [14] [15] [16] [17] [18] are being used as indicators of changes in the aquatic environment. The significant influence of sewage on structure of the bacteria group was reported by Wakelin et al [8] . The increase in biomass of macrophytes and benthos invertebrates, as well as enhance of the biocenosis' respiration and primary production, related to wastewater discharge to the rivers close to Berlin (Germany) were observed [1] . Despite the fact that it is being usually accepted that influence of sewage on plankton organisms is not clear, Kushwaha and Agrahari [19] showed that their population decreased below wastewater discharge location to the Rapti River (Gorakhpur U.P. India). The studies concerning colonization of artificial substrates by algae and invertebrates performed for the Little Miami River (USA) showed that some part of species available in the river above the discharge point was absent on the substrates introduced to water below the discharge location [20] . At the same time there is evidence of the absence of imperceptible impact of sewage on macroinvertebrates and fish in the above mentioned river [21] .
The proper selection of indicators group and their systematic and detailed studies are required to allow the adequate assessment of aquatic ecosystems' status. The significant diversity of organisms inhabiting aquatic environments and wide range of their tolerance allow making a choice of optimal objects for aquatic ecosystems' health monitoring. The protozoa, and especially ciliate, presenting the huge species diversity and available nearly in all settlements [22, 23] are treated as good indicators of changes in ecosystems [24] [25] [26] [27] [28] . Moreover, ciliate are present in the maximally wide range of the saprobic scale, from poli-saprobic zone to environments of very low concentration of organic substances, the oligo-and xeno-saprobic zone [12, 13] . Madoni and Zangrossi [29] , during analysis of long-term changes in the river below and above point of sewages discharge demonstrated the presence of changes in the trophic structure of ciliate community.
The influence of sewages discharge from the municipal WWTP of Sumy (Ukraine) on the structure of benthic ciliate assemblage in the Psel River was analyzed in the presented studies. The changes in ciliate assemblage influenced by the constant inflow of treated sewages were analyzed in comparison to these organisms assembly structure in the activated sludge from the aeration chambers of Sumy WWTP.
Materials and methods

Sampling site
Three series of samples were collected in April 2016 from the left tributary of the Dnieper, the Psel River. It is the lowland river with the length of 717 km, which runs mainly through agricultural areas and also receives treated and untreated sewage from settlements. The samples were taken in the in the middle reaches of the river downstream of the Sumy city (Ukraine). The Psel River receives effluents from the municipal wastewater treatment plant (WWTP), which provides mechanical and biological treatment with the use of aeration tanks, unable to provide the effective removal of nitrogen and phosphorus compounds. So, over the past 10 years in the Psel River at the sampling site the exceeding of permissible level of phosphates and nitrogen compounds was permanently recorded.
Sampling station No 1 was located at 200 m above the place of sewage effluent discharge. Bottom sediments at this site are formed by silty sand. Sampling station No 2 was located 50 m below the sewage discharge. Bottom sediments at this station were consisting of black silt. Finally, sampling station No 3 was 200 m below the place of discharge of sewage. Bottom sediments were the heavily silty sand. The samples of activated sludge from Sumy municipal wastewater treatment plant for comparison with the samples from the Psel River were also taken.
All sampling points were located downstream of the Sumy city, so in this section the river was affected by runoff from the territory of the Sumy city as well from the suburban settlements and agricultural areas. Also the river's water regime was affected by the hydropower plant dam, located downstream.
Sampling and counting of protozoa
Samples of bottom substrate were taken with the use of microbenthometer, from the depth of 0.8-1.0 m in the coastal zone. Samples of activated sludge were collected from the aeration tank at the Sumy municipal WWTP.
Quantitative analysis of samples was performed in the laboratory within the sampling day. In most cases, ciliates were identified in vivo. When necessary, cells were stained with the use of 1% methyl green or silver nitrate [30] . Estimation of population density were carried out by enumerations in 25 mm 3 subsamples, extracted with micropipette, as described by Madoni [31] . The numbers of repeated enumerations were 5 for the samples of activated sludge and 11 for the bottom sediments. Species identification was based on [12, 13, [32] [33] [34] . Saprobic evaluations were performed using the saprobic values given by Sladecek [35] , as revised by Foissner et al [12, 13] .
Analysis of variance (ANOVA) and post-hoc Tukey HSD (Honestly Significant Difference) test were performed to obtain p-values for pairwise differences in biomasses and for pairwise differences in ciliate's densities between sampling stations and the activated sludge. Both functions -aov and Tukey HSD -which were used for calculations are from R package stats [36] . Past software, version 1.57 was used for calculation of ecological indices as well as for performing cluster and principal components analysis [37] .
The following ecological indices, being the measure of biodiversity of the ciliate assemblage were calculated: Shannon diversity index (H), Margalef index, dominance index (D) and equitability J index [38] , which indices are often applied for activated sludge analysis [39] .
Results and discussion
Sewage discharge to the river affects the quality of bottom sediments which may be determined by their chemical and particle composition. The organic and inorganic compounds originated from sewage may be cumulated in the bottom sediments [9] . Even discharge of the treated sewage may increase the concentration of TOC, P and N in the bottom sediments [1] . Thus, the benthic organisms, reflecting the dynamics of environment's quality changes may be good indicators of the local effects of sewage on the river. Earlier the bottom of the Psel River mainly was sandy, but now when the river is polluted, the bottom is usually covered by the silty sands. Dirty sand is a prevailing biotope at the bottom at the point No 1 located 200 m before the discharge location. Similar dirty sand was on the bottom at point No 3, located 200 m below. While, at the bottom of the rivet at point No 2, 50 m below the sewage discharge location, the sand was covered by the thick layer of black mud, which had structure similar to the activated sludge.
During our research performed within bottom sediments for the three points at the Psel River 45 species of ciliate were identified. They are presented in Table 1 (+ means occurrence of species in particular measurement station).
The 18 species were observed inside the activated sludge sampled of WWTP discharging treated sewage to the tested river. What is important, that 16 of 18 species of activated sludge were also found in the river. Also, it should be noticed that in the course of our studies there were no significant difference in the number of ciliate species in the bottom sediments after the point of effluent discharge.
So, at point No 1, 200 m above the discharge, 19 species were found, and at points No 2 and No 3, 50 and 200 m below sewage discharge, 16 and 18 species were available, respectively. But in these same points the ciliate abundances differed clearly (Fig. 1a) . The graphs presented in Figure 1 allow to conclude that the ciliate abundance under the artificial conditions of the activated sludge is significantly higher than their abundance under the conditions of the natural water reservoir. This effect is the result of energetic subsidies in the form of organic matter and air injection. The influence of energetic subsidies introduced by sewage is clearly visible at the place located 50 m below the sewage discharge point.
Similar response of testate amoebae, namely the increase abundances at impacted sampling stations in conditions with the higher nutrient concentrations and the lower oxygenation levels was observed by Correa et al [40] .
According to one-way ANOVA analysis between the total abundance of ciliate at the all tested points in the river and in the studied activated sludge there were noted the significant differences for the 95% confidence interval. The only statistically insignificant difference (p = 0.8659) was observed between points No 1 and No 3. Thus, already 200 m below the sewage discharge the quantitative structure of ciliate assemblages was similar to the structure typical for the section of the river above the discharge point of sewages from Sumy municipal WWTP.
The increase in ciliate biomass, observed in the bottom sediments 50 m below the sewages discharge in the Psel River, which reflects their reaction on the energetic subsidies, is shown in Figure 1b . Determination of statistical differences (p) between ciliate biomass in the activated sludge and sampling point No 1 and No 3 showed the significant differences for 95% confidence interval (р = 0.0084 and р = 0.0146, respectively). On the other hand, the insignificant difference was observed between biomass of ciliate in the activated sludge and in the bottom sediments at sampling point No 2 (50 m below the sewage discharge location), p = 0.4346. It proves the local influence of sewage on the organisms inhabiting the river bottom sediments. The increase in benthic invertebrate biomasses as a result of wastewater discharge was noted in [1] . According to the results of our experiment, in the Psel River the effect of the sewages discharge on bottom ciliate assemblage was limited by the distance less than 200 m from the discharge point.
The graph presented in Figure 2 shows that determination of the similarity between the all sampling points, based on the ciliate species composition and their abundance allowed to partition them into two clusters. The first cluster grouped two sampling points, No 1 and No 3, located in the studied river at 200 m above and 200 m below the sewages discharge, and the second one grouped the activated sludge and sampling point No 2, closest to the sewages discharge. Thus, the strong local influence of sewage on the ciliate assembly, at least at the distance of 50 m below the discharge point was confirmed. PCA method showed that the majority of identified species at 95% confidence level are tolerant to high levels of pollution and constitute a single assembly visible at Figure 3 .
The common species of the activated sludge are located at the top of the positive part of axes 2 in the plot. The species which do not occur to the active sludge are settled in the bottom of the negative part of the plot. Fig. 3 . PCA ordination diagram of the biomass data for 45 ciliate species at four states Such separation may be caused by the fact that species common in the activated sludge could not realize their productive potential in the river conditions. At the same time, the other species were observed only in the river conditions. These are mainly the species, which are not commonly observed in the active sludge but are widespread in the polluted rivers and lakes. Also, it is worth mentioning here, that that four of the species from analysed communities appear behind the area of 95% confidence level. Two of them are mainly connected with condition of activated sludge: Acineria uncinata (9), Aspidisca cicada (1) -higher position in the plot, and two are typical for surface water: Pseudocohnilembus pusillus (36) , Cyclidium glaucoma (25) -bottom part of plot.
Intensity of influence caused by the regular sewages discharge on the ciliate assemblage in the bottom sediments may be additionally assessed with the use of diversity indices and saprobity [35, 38, 41, 42] . There are contrary literature reports concerning the influence of sewages on the diversity of aquatic organisms and ecosystems. For instance, Drury et al [9] assumed that WWTP sewages have the potential to reduce the natural diversity existing among the river ecosystems and may result in the biotic homogenization. The same opinion was presented in paper by Madoni [43] where the increase in the similarity among the different sections of the river influenced by the pollutants originated to sewages was observed. On the other hand, Lewis [20] stated, that the Shannon index and similarity indices such as coefficient of community and index C-lambda calculated on the basis of protozoa abundance presented minor changes when affected by municipal wastewaters. Thus, we checked the values of some indices characterizing the diversity of bottom ciliate assemblages at the selected section of the river influenced by sewages and in the activated sludge.
The performed analysis of indices describing the structure of ciliate assembly in the Psel River showed that different indices presented various susceptibility levels to the analyzed factor. The influence of sewage discharge on ciliate assemblage in the bottom sediments was visible at the point located 50 m below the sewage discharge point. It is visible in Figure 4a that the appearance of sewages in the river slightly changed their equitability and domination level in their structure, as related to the clearly low equitability and increased domination of ciliate from the activated sludge. Similarly to the dominance and equitability indices the Shannon index (Fig. 4b) shows a negligible impact of sewage on the structure of ciliate assemblage. Three named indices nearly showed no differences between the structures of ciliate assemblage at points before and after the effluent discharge. On the contrary, there was the quite substantial difference observed in the ciliate species composition. The Margalef index confirmed these deeper changes in the structure of ciliate assemblage below sewage discharge.
The saprobic index calculated on the ciliates, was within 2.9-3.1 in all samples (including activated sludge), which corresponds to an alpha-mesosaprobic level of organic pollution.
It is obvious that the impact of treated sewage on the water body is largely determined by the proper operation of treatment facilities and the degree of wastewater treatment. In this study, the evaluation of the activated sludge from Sumy WWTP was performed using Madoni biotic index [31] . According to the received results, the quality of the activated sludge treatment plant in Sumy was indicated as "high" according to the maximum observed value of sludge biotic index (SBI = 10). It can be argued that the composition of prevailing in the number of ciliated protozoa and other organisms was similar as in the activated sludge from the advanced biological nutrient removing wastewater treatment plant Hajdow, Lublin [44, 45] . Despite the fact that the activated sludge in WWTP Sumy was of high-quality, the introduction of energetic subsidies as additional quantities of primarily nitrogen and phosphorus compounds was not limited, which was recorded in the increased levels in the receiving river below sewage discharge, as well as by the increased BOD 5 . Accordingly, such conditions caused the observed difference in the composition of benthic ciliate assemblage above and below the sewage discharge.
Conclusions
This paper presents the performed analysis of influence of treated wastewater discharge from municipal WWTP in Sumy, Ukraine, on the bottom ciliate assemblages in the Psel River. The changes in tested groups' structures, affected by the discussed factor, were related to the situation observed for groups above the discharge point and to structure of ciliate group inside the aeration chamber of wastewater treatment plant. During the performed research the ciliate abundance and their biomass for each sampling points were tested. On the basis of these indicators the clear influence of sewages discharge on ciliate groups directly below the inflow and its stabilization after the distance of 200 m were determined. The similar tendency was noted during analysis of domination, equitability and diversity indices. Only the Margalef index value suggested lacking the total stabilization of ciliate groups at the point 200 m below the discharge and return to the conditions observed before the sewage inflow.
It may be also assumed that if the quality of the aquatic environment of the tested river had not been affected by the dispersed sewages (runoff from the territory of Sumy town as well from surrounding areas), the reaction of analyzed aquatic organisms would have been more clear.
